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(57)Abstract: 

PURPOSE: To provide a magnetic material having an excellent practical magnetic characteristic without using much Sm and Co by 
adding B to the combination of rare earth elements and Fe and contg. a compd. of a tegragonal crystal as a main phase. 
CONSTITUTION: A magnetic material consists of a compd. contg. essentially Fe, B and R (rare earth element including Y) and having 
a crystal structure of a substantially tetragonal system as a main phase. This material contains R, Fe and B as basic components and 
the presence of the tetragonal crystal is indispensable. The average crystal grain size of the above-described tetragonal crystal 
compd. is required to be about IWIOO^and the nonmagnetic phase contg. much R except said compd. is required to be incorporated 
at about >1% by volume in order for the magnetic material to exhibit a good characteristic as a permanent magnet. R, Fe, B and Co 
may be incorporated as essential components and a limited amt. of various elements such as Ti, Bi, Nb, etc. may be incorporated to R, 
Fe and B. 
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(54) [»§q«>«Di] ^«Sffl«±«-fi^-4$D>3RiEj&»fts^4» 



[St^lSl ] R (fHLR«Y5:^tf#±!®7C*(D-S« 
±) . Fe. B^-Mm^i-t b. tS^^i{t©c*i$fjX2A(D 

[iS*:®2] R ({Hl/RWY*$tf«-±!S7C«©— 

7^B^^<DifgB^fl»ji>SrWr-57l<XISg£5fflRFeBA^b^i^t?* 
•or, #PfiaitttB«:J:»5|iBiai3nrt»Sc:i=fe!|f8t<!:-r-5 
7l<:^^!aE5fflRFeBAE:^H^{b^tl ( Atc^ :Ti ,Ni , Bi ,V.Nb, 
Ta.Cr,Mo,W,K*i,Al,Sb,Ge,Sn,Zr,Hf,Cu,S,C,Ca,M(i,Si, 



10 



it-^lkU^±m •^'■^-n-^tt Wk<0«m^7m^ 

R (#±a7c^) icotJs^QSje^tfb^^^jf^fis-r 

i. ^c*i-r«>smCo,-?>sin,co,,ttJSi/»ias«Kfb. HJi^+a 
< ^* &l»MI4©Bg»*iSS tin* 6. 



C2) 



- 7 8 2 6 9 



c CD a wccjs o fcfkiKmumm t -r si-cosi**^ e. rc 

^CCe. La. Nd^C^@4&±S-CR.Fe.,S!^t■^^<!:^i^©i^> 
Sia. RFel^^^©att?&';AK>*Ji«fig!S;^*7nTC<!: 10 

LA^L. RFeati?&'j'-i^>-c«^fflj^. -^mcom 

urn 3 ^^=&ii:.?HfiR^ t ■r^mu&.±v^^tj:mmrj:it 
*i%Bj«*/c. fie*£'Si5nr(,»-ssiirf»cb*^a 20 

«±S7c^©-aja±) . Fe. B^iimj&^ti^. ts^ 
3 etc. :*:«Bj m-^mn) fc<fcntf. r (muRttv 

*^tf#±!S7c^©— afe{±) . Fe. BSD-'Atc^ (ffl 
LAtSBUTI ,Ni ,Bi ,V,Nb,Ta,Cr,Mo,W,Mi,A1 .Sb.Ce.Sn, 

Zr.Hf.Cu.S.CCa.Mp.Si.O. SU^P©— aJWiT* 

■c*siE:;^as^©tss«)S**UT. immm^^ym 

40 

* , *^Bj{c*i(, i r (Jit ao^^ncjE^a^-ffc^^^i f# 

6.*an{*<t<. R. Fe. BX«R.Fe,B,A?:ttJ.a<i-r-SJ1- 
{C. *l%W©^^lStt*a{Cj:*)B3l«3nrc>4C<i:*i^Si 
<k-rSRFeBiE:^S{t^!^S{>'RFeBAE:5-B^ffc^*J. S 

«©aS»nXWSJfe7clg€:^tfC <t*ir#*. 
«F*lx<lJ. *>*>S±ie<b^ (RFe^JKXWRFeBA 



*»W»3 6{cij(T©JIIPa (#^fia|iUt:g87Sr4) © 

s^*^-r*>©t?*.s. 

B|lfe2|cifeB^©®|g<i:Lr. *^W©RFe^iE:)^S{fc^®l 
(CfclJ-C. Fe%Cb{crS^lyfcfc©BP-fe. ^ffiKtttBCCJ: 
OPlgtSnri^SR (Fe. Co) BJEfi^Bit^m m^L 

^tb€:n^-r-) ?:!itt-rs. Co»+* «;-,#.©fi;^©J?& 

3 etc. :^m^<om.mtux. m^^RFeBAmjEyj^mit^ 

!^«:tet,»-C. Fe€:Co-C— gUgjfe (J? * L/ < « 50%JWT© 
oo) bfc^>©E|)^. *5tttttB«:J;i5PBfttSn-CI,i-5R 
(Fe. Co) W^]E-:tJ^^t^mi>m^ti^, 
cn6©R (Fe. Co) BiEl^S^b^. R (Fe.Co) BA 
iE*a{b^tl*i«J5R{t^Srfi5L/c^{c. ^ffittf4ta*5(* 

fitfiSib^^iLrS^^SnTl^S. )5cfcC©iS^ (!|t{C 
^W(Dm-^) . CiT,6©iE5^Sfb^^©^±S)iteSSiS 
*s 1 ~l0Oiu m-C*-5 C i3&s»* Hr». 

Jl) ©i^S«Jg*Wt--5fb^4^tBi^4!£;«S*** 
■5.. CC-Ciffl<!:ttl!t*44'{C^*nri,>^Ci<03!):.©ta 
©^t. i*ffll:b-C50%JW±*,&J6Stl^t,>^. BP-^. C 

mmt^i&itrsi,, :Bfbic:^^m<Dmmtuxit. r 

(Fe. Co) B{b-^. R (Fe. Co) BMt^^(D—m&.± 

*^Bj©IE7?a^^b^!g}^ffll»rJS14MMX«7lt^lS5«: 
{■^fiS^?**!^, ^©fflfi£^rS?SU<»B2-28%. RS-30 
9^. ^S|5*K±Fei-r-5Ci(C<t:r>rSn/c^#tt*i 
<fc»)«F*ly<«Fe40^90%i-r*; -eoflte^^ 

Bj©Mig<b or©«g^©ti'^feig«{cc©a*j6ii5i«i 
S L/< tt;>c©jiO-r*& : 

Ti 4.5%OT, Ni 8.09€«T. 

Bi 5.0%fe(T. V 9.5%t(T. 

Mb 12.5%«T. Ta 10.5%fclT. 

Cr 8.5%jyT. Mo 9.5%«T. 

W 9.5%felT. 1*1 8.0%Ji(T. 

Al 9.5%li(T. Sb 2.5%«T. 

Ce 7.0%Ji<T. Sn 3.5%OT. 

Zr 5.5%felT. Hf 5.5?itiT. 

Qj 3.5%«T. S 2.0%felT. 

C 4.0%OT. Ca 8.0%Ji(T. 

f*j 8.0?^OT. Si 8.0%JilT. 

0 1.0%)yT. tJj:0' P 3.5%JWT 
({ibA7cJS{3:2«±#tfCife-C#. -e©*^. Atc 



(3) 

5 

raisst-?'. Fdii^©^ffl©iBi^ imi&tm'f-om. mm 

(2) RiFe©iffi^-&/clt-C»ISSti?®-C7lt^fia5<!:U 10 

■rB*^tfRFeB{t^!gj=&SUlL'/c, RFeB{l:^i^«**0© 
{fc^!B)-C* 0 S£*©RFefk^igjJ; 4^ * «; -.^fe j« < , 
t>:fci&«n/i:7ltXfi85t*W©«^^fc^ 

( 1 ) n^Nf mmtm.&%) 

Fe-.mm^ 99.9% 

B:7 X od<o>$/<:«99%©Me[©B 
R:99% 

«T##^K:ot,^r 3 6{c;>:©M«*fflt»-fc. 
T1. Ma Ml. Sb. Ni. Ta:98% 
A1. Cu:99.se^ 

Hf:95% 30 
V:7xn-'N':^-i;'?A (81.2%V) 
Ito-.y xas.:f:f (67.6%Nb) 
Crr^xOi/nA (6l.9%Cr) 
Zr:7 aiaS^JUnJi'i^A (75.5%2r) 

( 2 ) SlSI^Jiaiill 2 0(c0^©ji 0 r * S . 
«^JC©jiO-c*-3fc. )&te. (A) {b^iBj©l3IS© 
/cJ6©Jlil#«;&^nU. (B) B7ic^^^K5tc L/c« 
^©jl®l#ffll4ij^t-. 

( 1 ) is^mm-rfs-B-Mmmw m^s^tt-v?? 

Fe-15Nd-8B) iC-O^,^xmM0fc^mff}tj:^^Xmf ■( 40 

RF^^fc^igj. FeBffc-^. a>ii>ttRB^{t-&!ej«:J:or 

( 2 ) ( 1 ) <Dum<D>iJimimicj:i> t . j^isi^^H-o 

*fc»rao©ffl*.e,Aj:ot:i»S. ita»Fe. B. R'&R 
B#^C$^■Cfc'3 . ta«R*i!afii:b-C70%t^±©R?g 

fflta. ll=:ffl»£tBJ;^^^>B©«^/cffi■c*^,. seata 

»^{t^©tB-C*-5. 

(3) lllia©t»*X«7=^77i' h;rf-3?©/>'df-> 50 
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6 

4»t»fL-/tJg*. c©>'<^?->fc^in^)?»i»f-i'{3: 

^a, = 8.80A. c=a2.23A©iE:;&S<»:L-CSi?a-C# 
®10SX^ti--i'©iC^CCjg*S!Jfc7S-r. XMVffliJ 
^{C*it,>rfil^$n/c. FeB. R*l5l^{C^t?iffl*«> 

c©^S3S^:^>-,-ct»sc:^*i#lJ§aL.ifc. c©«3g©?$ai 

ta^^^WL^^-ilciE-fj^Cyit^mt. RFe. FeB. BRt> 

Tn©-7ciS'fb-^(c*ji>-c*>tt6nt:i^^ti,i. 

(4) S<?©ifi^*^^. *>o|!fia:3^r«6€:$t?a^©Si 
3g:^;SK:j;o-C{'P/i£3nircFeBRJK. FeBRAS^*Sj;?>'FeCbB 
RIS. FeCoBRA?R7l<.X585CC-0(,>r. X^7^^75^h.jt 
-a'©S'J^*iJ:0'XM<#J^. *^f«SS[aSI^?:tf-:>ircM 

(i) (3)T?a-<fcR. Fe. B=&S3|s:^^ittS^S 
ma^rnQK. c,iSi*ji2A©E:*:JL- y H2;U^Wr-5iE5? 
S©^b^!^*!?¥aE-r-5«^K:. ^It^vSBISi brms?&# 

tt^Jf-O. f^fifjJaFeBR. FeBRA*5j;i>'##F"Ji L/TFeC 
oBR^JS5tCOI,>Tf# e>fvfcStB©iE:&S{k^©^ 

RFe. FeB. Wj:iiU^hi>r.7bmt'^^^W^i^t^\t 

(ii) ±faiE:&^b^i^*iag^c*£B^ieS«:fc%. 
{:©{b^iKj4*tBi Lr. R*s^fi{c$S*Xifc^^mtttB 

*iE*ll{b-^{ca-:J < ^mfiSSrB J:^©iE:3^a©{ b 
^©¥i&*S^»S*i 1 ~-loow m (if* L < {Ji. 5-90 
Atm. 36«:5fSU<«l.5~80/im) ©®ffl{C*SC 
iAJS* I, < . 1 // m J: D /hS l>*iiooxz m J: ») :^T»H 

mifJtt br©ffi<ii*j{g;T-rsj©^*i*.5. 
=&«)Oistaf?^*i|^fiatt©titc<fc otrPBatsnri^ic i 

i CC J; ^ r 7mfiaE53l»?1<^MS5*fipf©S;SWffl8i*?^ 
RX-rSCCjgL?cS3|s:^KRfb^©S^*Ei3i-C^^, ^ 
<otcib& ^ ©IE55rSib^!^4Pg|||-r •5#^fiStt©taAW* 
K B 1 #W%feLhr*S. Hc*5lkOeW±-C«>€»fc*{c 

ii^iiiatt©fs*«ii>& < i hwmttT 1 %Ji^±£>s-c*^ 

7!)i. 45%=SrC:l-2>©»»SL< J: S?* Ll,^t5E 
«2~10%r**. J:bett©ta«S<!:brR*^S(C$ 

(iii) ±mfe^^^t^mtm^mm&mv^^L 

^i,, ttcR. Fe Bfeii1-©7CS^=&^JjnX«g^l/T*> 
r4)S. lM^-5^^J:bT?2->-28%©B. 8~309«©R*jJ: 
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0'40~90%<DFe*il2^HfiS^<i:-r-5^IS ( I ) . 
*/c2~28%©B. 8~30%©R. 40~90%®Fe*>«fcCK 
50%JaT©Go4jif^)SR»i-r«>^^ (II) 

< I ) . (II) (CfcC>rB2%lUT. R8%JJiTr« 

(II) {c*jiir«Fe«:5*-r-5S 

(300-750'c) . u&^m^ip}±ri>cti}imit> 

*fcl%«T©H. Liv Na. K. Be. Sr Ba. Afu Zn. 
N. F, Se Te. Pb?:#^-C*>±tBS3^:iE7^&^fc•&i^tt 

±j^(DJ:5CC. RFeBRX»RFeBA?S. tfe-St^tiR (Fe. C 
o) Bm. R (Fe. Co) smJEfi^Bit^mt^±<i^ 

^ft^mr**. 2(:^?gcDRFedi*iK^©+a y-^ 

{JRFeBE^^Sffc^KSrJ^/l^ 300~ 370'C©«5H«: $) 

tif*. RFe?^-^^{c*j(,>-cffl^f^j£(C J: -5 >; jJOiSS© 
^^m^<r>i)^$>ii)K 2|s:^Bj«OT©,'S-Ccn6©4> 

{c*i(,»r7itrX!S5<tbr©!m4*iffe.n*„ se*©f8^ 
fmimms bfcvm^afam^i^tj: fe, b^r. fc . 
< es-c w^Ns»t«L^©^^ta©^s 3 n 

F^B^R.Fe,,tH«Sffl-e»^cl>. 

2t!:^B^©<t^tCfflC>-5.#±ffl7C^RSiY*'a#U. @ 

«fe(±*fflC»-&. Bn%CCRiL.rii. Nd. Pr. 
La, Ce. lb. Dy, Ho. Er. Eu. Sm. Cd. Rn. Tm. Yb. Lu 

SO'V^i-aSSn?., R<!:br«^#±3i*fc-,rS 

0. mem. prAmibi». i/caF!iR©^fe— «4*> 

iJ&i-C*. Sm. Y. Er. Tm. Ce. Ck:^«Nd. Pr>&±^i 
•r2»ft6©R (Nd. Pr. Tb. Dy. Ho) tOM-^'HStUXm 
l^?>C6tfVti>. LattNd. Pr*±*t:<!:-rS{lk©Ri© 
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Stc^-C/j < i J: < . X«±A#^SeJ&:«5Hr*{jt± 

t,>SCi*it?t. L-CAl. Si. C^4^tf«>© 

mTK:3fc^H^©iE:^B^{t^!g}So*c ti^^fiX^b^igji -r 

10 mmmi 

6at%B. 16at%Pr. ^S|5Fe©^^*iJ&K6Ur^J^fiiSl 
Sumcom^^r^mi^tco C©t»^?:2t/cra'©E:^-Cl9k 
Oe©lSttiStfi{C*il>r 7*1/;:^ 0. 2 xior»Torr©Ar4i-ClO 

90'c-cimrmmLtc, 

xmmVrK. <fc 5 i . C ©Sg^»©±ti«iE7^S{ b^T 
^^:©g:»a, = 8.85A. c.=12.26A-C*-^fc. X 
M«ite«fciy^^^gaS^SS^©ig|g. itB«Fe. B. Pr*|5| 
mdC-^^. (!^J:b-C90%<&t54?)-Ct»/c„ itH©^l?*B* 
fiS-r. ^&*?'feiE75-a{b^®l4BX«3Htf#fiaEttta©^-% 
20 R*80%«±^tp^N5amb^ffl©^«-«f*:«Jt3% 

Br=9.9kG. Hc=6.5kOe. 
(BH) max=18MG0e 

Sfete0«2 

8at%B. 15at%Nd. ^gPFe^5:t»5StL,r^;^ttet3 
30 Mm©*9^?:(^S{byt, C©«9*S^2t/cn('©ff^-ClOkO 
e©®)f (Cfcl^r^'U;^ L 2 Xia*Torr©Af4i-CaiOO 

X^I5H»T{cj:2,i. c©^^©±ffi»iE*S{b^-c 

*S^=-SS5:«a, = 8.80A. Co=12.23A-C*-o/to X 
M<vteJ:Uf3fc^§IS!(«SI^©i*||. itB«f*ai:b-CFe. 
B, Nd*|^B#{C$»90.5%%Aa{)-Cl>fc. iffi©l4|?ffl 
?rfi)c-r. ■r^c*D%iE:^^{b^4|ig!§tt-.2.^Net4tB©^ 

^)««<!:^<^rK^bie}<!:J^<T-C*o/c. C©iE:^^^b^!^ 
40 ©¥^^a^*iS{3:is*/mr*o/c, 

lEamiRH4WBr=12.1kG. Hc=9.3k0e. (BH) niax= 34MGO 

II*S^3 (##F4) 

10at%Co. 8at5^B. 15at%Nd. g|SPFe©^^*t9^b 
r^l^fiSl.lM m©*0**f^t? L/C. C©|&**2t/ciii 
' ©)E*-Cl2k0e©Saii4i«C*}(,ir ^U;^ Ll.5rorr©Ar 
cfi. lOSO'C-cmpa^JSbfc, 

50 xmmmcj:it. c^^m^wa^^mtiEys^t^v 
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9 

$>*), tST-3£3Si!«a„ = 8.79A. c,=l2.2lAX'*-:)fc. X 

mtd j:zf ^^mmmmoi^^. ^imtpe. co. b. Nd 

iteS»3.lMm-C*-3/c. 
Br=12.0kC. iHc=9.2kOe. 

(BH) inax=34MG0e 10 

'mmm4r 

Sat%Bv 7at%Nd 3at%Pr 2at%m ^SIJFe®^* 

*2t/an'(DEE:*I'Cl5kOatDfiBEtitfi{Ctel»r:/U:^L/, XTo 
rr<DAr4iia30'C-C 1 mrSM^^bfc. 

tS^-^fK«a. = 8.80A. c,=12.24A-C*-3/c. X 
M<UBJ:Dt3fe^a«^^©*S». iffl»Fe. Nd. Pr. T 20 

iE:^B^h^^*Piil|-r S?P?Sttffl© 5 % R * 80%JiLh^ 

158» jgiJ^eCitemtJ-^ r ©M •) t? * 4 . 
Br=11.5kC. iHc=4kOe. 
(BH) max^lTMGOe 

CtHtU^(DV^>mEiCtt^XUitfiicmim-C$> 30 

17at%B. lOat%Nd. 3at%La. 2at%C4 ^SPFe©^ife 
**&KtU-C^l&fiiS2.7Mm©l»**fPiJbfc. C©if» 
5S?:4tycm'©BE;tJ-Cl2kOe©lllictJK:*JC>r Ll.5 
Torr©Ar4'1080"C-C 1 NfffflgS^ 0 /t. 

x«g[slffi^(cj:5i. c:©j^*S(*©iffl»iE:^B^{t^-c 

^O. tS^S?K«a, = 8.82A, Q =12.22A-CA-:>fc. X 

f«teJ:J>*3fe^|IM»il^©M*. ^taWFe. B. N4 L 

a. Cd5r$*«^Jt-C82%4d6*&n»fc. ±f3©S'V© 40 

iEijrBit^mimm-r?>0m^m<o 5 ^ r * 8o%tUi^ 
tf^N?itt^b^ti«^mi2%-c. JS^)«ta<^:^^!KT 
t?* •? . iE:^rs{b^!B)©3pj^iltiiS» 7 m mt?* 

lia,»J5£©^S»^X©ji t) -c* S . 
Br=8.2kG. iHc=5.0kOe. 
(BH) inax=15MC0e 

cni*ti£*© 5K>l»SM»4«:J:t'^-C{3:43a»«:ilt(,>fiiT 
9lll&0!l6 50 
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17at%B. 28at%Nd. miUP^-^^^^^LXW-i^n^ 
5 u BKOn^^&i'mUtc. C©«9*«r2t/an' ©S:^X?12 
kOe©fi8tiiti(c4»l,>Tr'"U;::^ 2 xior»Torn050*C. 

J:*i. C©jigM^*-C»iE^S{b^!B!i©f-i'3!)iffe©ta 
{cj:St-i'J:0®< . c©{b^!g5«±ta-ct3:;St». xm 

■C48%T. ±ia©§'?©iE:^B^{b^i&|isiSf-r-5#fisi4 

ffl© ^ ^ R*80%«±^tf^^iSitt^b-&ie5tB»47%-C* -5 

{b-^fJ©16/Li m-C* o ft:. 
fi8«a'Jffi©i|iSm«^>C©3i 0 -C* -5 . 
Br=4.2kG, iHc=13.2k0e. 
(BH) max=3.7MCX)e 

cn(i:7^5W f-lSfia5©!RFtt^»P-t^-?'ig(,^. 
«S.^f^5 •C/min-CSlJgpj^l./ci C -5fi^«Ft4tt-o^© 

Br=4.5kG> iHc=13.3k0e. 
(BH) max=4.2MQ0e 

ift?*fem©XiS|5iJf«:<J:5i. iE*s^b^©tr-i'« 

■:^^it-^iH$mtt 53%{c ft 0 , ±iB©# <7 ©iE:^ra{b 
^^reai^sjtisittffl© 5 ^ R *80%«ji$tf#^fiBitt 
fb^i^ffl»ttSJ:b43%-c* ofc, jSD »«^^^^T■c 

iE*Sfb^©^J^igS«iSWl7Aim-C*-Dfc. 
» 1 a{C7S-rifflfiS©^#*ift^jggjB L/, H 2 iaA©x 

micj:t)=Mm^imLx. xmmiT!tcj:K)^m<Dmm^ 

- B -NdlR3^«Fe- B -KW- A»©Jj;t,»«fiSffiffl{C*jl> 

X^MX$>^, 

cne)RFeBiE:e'^b^^». S£*©RFe. FeB. RB©<i:© 
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